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Abstract 5 
Purpose: The aim of this paper is to identify mechanisms for using a quantitiative benchmarking 6 
approach to drive sustainability improvements in the food supply chain.  7 
Design/approach/methodology: A literature review was undertaken and then a strategic and 8 
operational framework developed for improving food supply chain sustainability in terms of 9 
triple bottom line (TBL)  criteria.  10 
Findings: Using a sustainability indicator scoring (SIS) approach, the paper considers the 11 
architecture for analysis so that strategic goals can be clearly formulated and cascade into 12 
specific, relevant and timebound strategic and operational measures that underpin brand value 13 
and product integrity.    14 
Value: This paper is of value to academics and also practitioners in the food industry. 15 
Keywords:  food, supply, chain, sustainability, benchmarking, framework 16 
  17 
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1. Introduction 18 
Sustainability has been defined in many ways, but can be described as offering, the potential for 19 
reducing long-term risks associated with resource depletion, fluctuations in energy costs, 20 
product liabilities, and pollution and waste management (Shrivastava, 1995).  Another widely 21 
accepted definition of sustainability is development that meets the needs of the present without 22 
compromising the ability of future generations to meet their own needs. This was derived from 23 
the Brundtland Commission statement in Our Common Future (World Commission on 24 
Environment and Development 1987).  Sustainability has also been postulated as the capacity of 25 
a system to maintain output at a level approximately equal to or greater than its historical 26 
average, with the approximation determined by the historical level of variability (Lynam and 27 
Herdt, 1989). Sustainability represents neither a fixed set of practices or technologies, nor a 28 
model to describe or impose on the world (Pretty, 1994). Sustainability should therefore first be 29 
determined at the highest system level and then proceeds downwards; in the understanding that 30 
the sustainability of a system is not necessarily dependent on the sustainability of all its sub-31 
systems (Lynam and Herdt, 1989). Translating this argument to the supply chain level suggests 32 
that overall supply chain sustainability is not dependent on every sub-system within that food 33 
supply chain being autonomously and individually sustainable. Therefore, supply chain 34 
sustainability reflects the sum of the whole i.e. the capacity of the system rather than all 35 
activities having mitigated long-term sustainability risk. 36 
Sustainable agriculture should take into account social, environmental and quality of life 37 
dimensions (Thompson and Nardone 1999).  The “mosaic approach” considers sustainable 38 
development as three distinct elements: society (people and welfare conditions), ecology (planet 39 
through promoting good environmental practice) and economy (profit through system viability 40 
and competitiveness) see the work of Helms (2004). Therefore, the sustainable development of 41 
food supply chains means balancing food demand and calorific and nutritional supply whilst 42 
efficiently using resources in terms of the 3Ps (planet/environmental, profit/economic and 43 
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people/social) in order to promote human health, product and business longevity otherwise 44 
described as the triple bottom line (TBL) by Elkington (1998) and others. Therefore within the 45 
current market environment, sustainable products are seen as those products that can accrue 46 
value through each stage in the supply chain by product or process differentiation that drives 47 
marketing and brand development (Manning, 2015).  48 
2. Sustainable products 49 
Sustainable products can be said to generate greater positive or instead lower negative social, 50 
environmental and economic impact along the value supply chain than conventional products 51 
leading to an active differentiation (Borregaard and Dufey, 2005). This differentiation between 52 
commodity and niche products is influenced by the degree of capital investment in developing 53 
extrinsic product quality attributes. Product social capital in this case is the trust-based resources 54 
associated with a food product that multiply in social networks leading to co-operation among 55 
individuals, and collaboration between institutions and community organisations (Muthuri et al. 56 
2006). The challenge for food supply chains and individual businesses within them is to 57 
demonstrate quantitatively the value of such social capital for an extended network of 58 
stakeholders including governments, non-governmental organisations (NGOs), shareholders and 59 
the general public themselves. As a business driver, it could be argued, maintaining shareholder 60 
value is as powerful a force as the requirement for organisations to supply food to the ultimate 61 
consumer that is safe, affordable and legally compliant (Manning, 2015). Thus some 62 
sustainability indicators and frameworks may be developed primarily in order to mitigate 63 
shareholder risk. 64 
Along with the notion of sustainability and sustainable products comes the approach of defining 65 
individual food product ecological footprints through a benchmarking, often formulaic, 66 
approach. Food products have varying ecological footprints depending on the efficiency of the 67 
particular path of conversion from the primary to secondary and finally tertiary products. An 68 
organisation can seek to minimise the environmental impact of their activities by reducing 69 
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waste, using emissions or outputs from one process as inputs into another, or offsetting 70 
emissions by sequestration. However, many business activities in themselves cannot be defined 71 
as sustainable, because they rely upon resources that are both mutually exclusive and finite 72 
which creates a hurdle for such resources to be available for future generations. In this context, 73 
the aim of this paper is to develop a benchmarking approach that drives sustainability in the 74 
food supply chain at a strategic level through the use of a structured sustainability indicator 75 
scoring (SIS) framework.  76 
3. Benchmarking mechanisms for sustainability assessment 77 
Giving consideration to the primary, or pre-farm gate, stage of production, Halberg et al. (2005) 78 
argued for operational benchmarking that focused on identifying best practice, understanding 79 
the reasons for differences between farms and then setting goals that improve operational 80 
practice. The UK Policy Commission Report on the Future of Farming and Food (Curry, 2002), 81 
as did Ronan and Cleary (2000), highlighted benchmarking at an operational level as a 82 
mechanism for identifying how a business is operating compared to others in the same sector. 83 
Ronan and Cleary (2000) suggested that comparative farm business analysis was based on 84 
aggregate measures of whole farm physical and financial performance, such as yield, efficiency, 85 
gross margins and farm profit and that this was a different process to activity-based or enterprise 86 
benchmarking. They determined that the challenges for implementing benchmarking in the 87 
agricultural sector included: professional and industry accreditation of sound benchmarking 88 
systems; ensuring appropriate context for farmers’ use of benchmarking vis-a-vis 89 
complementary to production economic and other financial analyses; achieving greater 90 
consistency between different industry systems; lifting participation by farmers in sound 91 
industry programmes; and evaluating the impact of benchmarking programmes on their ability 92 
to actually improve farm business performance. These factors also influence how to benchmark 93 
effectively at secondary and tertiary supply chain levels too. There are a number of reasons for 94 
the lack of mechanisms to measure performance across supply chains (Table 1). These include 95 
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but are not limited to lack of understanding, geographical and cultural differences, differing 96 
organisational goals and objectives and a lack of cohesion between information systems in the 97 
supply chain. Andersen and Pettersen (1994) developed three categories of benchmarking 98 
namely internal, competitive and generic, (the latter two both being external types). Bendell et 99 
al. (1993) defined four types, which have been extended using additional literature sources 100 
(Table 2).   101 
Take in Tables 1 and 2 102 
Anderson and McAdam (2004) distinguished between the concepts of “lead” and “lag” 103 
benchmarking i.e. “lag” indicators which are based on finance orientated historical 104 
measurements and “lead” indicators which instigate the management of real-time change 105 
(Manning et al. 2007). They further assert that benchmarking has traditionally occurred at the 106 
output stage, based on the measurement of lag benchmarks of organisational performance. 107 
However, if benchmarking occurs at the input, and/or process stage, these lead benchmarks of 108 
performance can be proactive, preventive and drive business strategy within the production 109 
cycle. Tangen (2005) differentiated between two types of performance measures, firstly system 110 
requirements: criteria which support strategy and the selection of both financial and non-111 
financial performance (i.e. what to do, where the level of compliance can be measured) and 112 
secondly measure requirements: criteria which are specific to individual performance measures, 113 
(i.e. what is achieved). Therefore the key to effective benchmarking is to determine whether the 114 
process will be undertaken at a strategic management level to address an overall supply chain 115 
target e.g. reducing waste as a proportion of the product sold at retail level or undertaken at a 116 
specific business or at a sub-business activity/enterprise level (Manning et al. 2007). A series of 117 
operational objectives can therefore be designed to work at single levels in the supply chain that 118 
through a mutually concerted process deliver the overarching strategic objective. Metrics that 119 
are used to determine sustainability (in its wider sense of people, planet and profit) can only be 120 
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developed after this strategic: operational interface has been considered and decisions made as 121 
to the underpinning objectives of the benchmarking approach. Joung et al. (2013) defined an 122 
indicator as a measure or an aggregation of measures from which conclusions on the 123 
phenomenon of interest can be inferred. Further, they argued that “standard indicators will 124 
provide a dependable and repeatable means for manufacturers when they evaluate their level of 125 
sustainability and allow comparisons between products, processes, companies, sectors, or 126 
countries” (Joung et al. 2013:150). Indicators can be powerful tools for making important 127 
dimensions of the environment and society visible and enabling their management (Dahl, 2012). 128 
Indicators allow for ranking and in some instances the establishment of competitive league 129 
tables and the ability to name, fame or shame and if applied over time can show trends and the 130 
direction of travel (Moldan et al. 2012). Metrics or indicators then are one type of sustainability 131 
assessment tools and techniques that can track progress over time, identify problems for 132 
performance improvement (Tan et al. 2015). Sustainability indicators can be presented in a 133 
structured framework that isolates and reports on relevant indicators or alternatively such 134 
indicators can be aggregated towards a composite index, score or rating (Dong et al. 2015). 135 
Singh et al. (2009) citing Ness et al. (2007) differentiated between three types of sustainability 136 
measurement tools: 137 
1) Product-related assessment tools that focus on material and/or energy flow of a 138 
product or service with the aim of identifying risks and inefficiencies e.g. the use of life 139 
cycle assessment (LCA) 140 
2) Integrated assessment tools with the aim of policy or project implementation through 141 
the use of conceptual modelling, multi-criteria analysis, risk and uncertainty analysis, or 142 
cost-benefit analysis. 143 
3) Indicators and indices – where indicators are used in order to determine the current 144 
state of an entity (organisation, country, etc.) with respect to some sustainability 145 
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category and indices are the result of the standardisation, weighting and/or aggregation 146 
of indicators into a single measure or index. 147 
Indicators can be characterised according to their attributes and also by the criteria in which they 148 
can be evaluated. Dong et al. (2015) considered how sustainability frameworks can assist in the 149 
selection of indicators when constructing an index, and suggested that a dynamic and objective 150 
process of indicator selection for both frameworks and composite indices should be developed.   151 
4. Development of sustainability indicators  152 
The purpose of indicators is to simplify real life complex measurements or simulations by 153 
models (Girardin et al. 1999). The use of indicators to assess sustainability in primary 154 
production has been proposed (Hansen 1996; Bockstaller et al. 1997; Rigby et al. 2001) as well 155 
as methods to construct and assess sustainability indicators (Mitchell et al. 1995; Hak et al. 156 
2012). Bell and Morse (2003) stated that sustainability indicators must be: specific (outcome 157 
bound); quantitative (measureable): usable (of practical value); available (data easily collated); 158 
cost-effective (not expensive to collect); and sensitive (demonstrate changes in circumstances). 159 
This does not preclude the use of qualitative indicators, but by their nature qualitative 160 
indications do not drive business performance and continuous improvement. Further, Bell and 161 
Morse (2003) differentiated between developing an absolute target for compliance and a target 162 
that is implemented that defines the direction of travel and thus drives continuous improvement. 163 
In the agricultural context, a sustainability target could be an indicator of best practice e.g. an 164 
absolute level of pollutant such as nitrate levels per litre of fresh water or a series of 165 
“milestones” designating a need for movement as improvements are achieved e.g. climate 166 
change levy (CCL) milestones. These criteria may be defined by legislation therefore 167 
compliance is mandatory or private market standards whereby compliance affords market entry 168 
or maintenance of position within a market or designated supply chain. Therefore, a 169 
sustainability target may be developed to deliver a short-term or a long-term goal. This 170 
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distinction is critical in the understanding of how sustainability indicators are developed and 171 
implemented in a food supply chain situation. Bourlakis et al. (2014) differentiate between four 172 
supply chain sustainability indicators (efficiency, flexibility, responsiveness and product 173 
quality). Measurable indicators such as key performance indicators (KPI) can assist an 174 
organisation to demonstrate the implementation of public policy and organisational strategy and 175 
identify actual performance against defined sustainable development or corporate social 176 
responsibility (CSR) targets. Specific indicators can demonstrate the degree to which the food 177 
system is resilient, profitable and competitive (Defra, 2010). These are strategic indicators and 178 
directed at the supply chain in its entirety rather than just primary production with pre-farm gate 179 
sustainability indicators and desired outcomes (Table 3) and post-farm gate and fishing (Table 180 
4). These indicators have been grouped in the synthesis of the literature into four capital groups: 181 
financial and physical capital indicators (traditionally reported on the balance sheet), human 182 
capital indicators, natural capital indicators and social capital indicators.  Although examples for 183 
financial and physical indicators are determined in Table 3, in Table 4 these are not identified 184 
because they have not been explicitly derived. Indeed the main influence on these factors post-185 
farm gate is market drivers and constraints such as supply and demand and the type of market 186 
accessed by the primary producers. The financial sustainability indicators (Table 3) that are 187 
suggested in the report include gross value added (GVA) per person, total productivity factor 188 
(TPF) and total liabilities as a percentage of total assets. Resource management sustainability 189 
indicators suggested by Defra (2010) include water source and irrigation, water usage, diffuse 190 
pollution such as leaching of nitrate, phosphorous and crop protection products into water 191 
bodies, agriculture’s contribution to ammonia emissions and greenhouse gas (GHG) emissions, 192 
soil quality, energy use and reducing of waste and GHG emissions, reducing waste. Social 193 
sustainability indicators proposed by the report included accessibility and affordability, diet and 194 
consumer confidence, traceability of food through the development of assurance systems, 195 
management of food borne disease, control of animal disease and promotion of animal welfare, 196 
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support for biodiversity and habitat management, investment in training, knowledge and 197 
innovation. These themes in terms of financial, resource and social indicators are mirrored in the 198 
design of multinational corporation (MNC) annual reports and CSR strategy documents and are 199 
used to address sustainability in its wider sense. Therefore it could be argued that such MNCs 200 
are often acting in a quasi-governmental role, through setting supply chain standards over and 201 
above minimum legislation, in their custodianship of many of the factors that impact on food 202 
supply chain sustainability. This could allow a national government to step back in their 203 
regulatory role and allow the market to influence the drive for sustainability in food production 204 
rather than through social responsibility lying with the regulators themselves. 205 
Take in Tables 3 and 4 206 
Veleva and Ellenbecker (2001) asserted that indicators of sustainable production (ISPs) should 207 
have the following main objectives:  208 
• Promoting organisational learning and educating business about the nature of 209 
sustainable production;  210 
• Informing decision-making by providing concise information about the current state and 211 
trends in a company/facility performance;  212 
• Enabling organisations with a tool to measure their achievements toward sustainable 213 
production goals and targets (internal benchmarking);  214 
• Allowing for comparisons between organisations’ performance in the environmental, 215 
social, occupational and economic aspects of their production (external benchmarking); 216 
•  Providing a tool for “cross-checking” an organization’s mission and reporting results to 217 
interested stakeholders;  and 218 
• Providing a tool for encouraging stakeholder involvement in decision-making.   219 
Taylor (2012) critiqued further literature on the selection of sustainability indicators (Table 5).  220 
Take in Table 5 221 
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These sustainability indicators include both qualitative and quantitative metrics and the source 222 
highlights the use of indexes that contain multiple metrics rather than a single value e.g. the 223 
Environmental Sustainability Index (ESI), and as has been described ecological footprinting. 224 
Searcy and Elkhawas (2012) suggest that there are many global sustainability indices linked to 225 
financial markets, including the Dow Jones Sustainability Index (DJSI), the FTSE4Good Index, 226 
and the MSCI ESG (Environmental, Social, and Governance) Index (formerly known as the 227 
KLD and Domini 400 Social Index) as these are being increasingly used to demonstrate 228 
corporate sustainability and corporate compliance risk which is of key interest to shareholders. 229 
The term socially responsible investing (SRI) has been coined in this context but it is important 230 
to consider the underpinning risk strategy that investors are using when considering the 231 
investments they make and the DJSI and others reflect MNC performance as a whole, not 232 
individual products or food supply chains. Nearly all Fortune Global 250 companies have 233 
established supply chain standards and report on their supply chain relationships often as a 234 
means to demonstrate social responsibility and transparency to their stakeholders (Yakoleva et 235 
al. (2010). Sustainability frameworks aim to measure sustainability primarily by providing 236 
qualitative evaluations of processes or selected composite TBL characteristics i.e. 237 
environmental, social and economic indicators (Dong et al. 2015). However the authors argue 238 
frameworks can also effectively serve as guidelines for selecting indicators either for 239 
disaggregated ‘dashboards’ or for composite indices. Examples of sustainability frameworks 240 
(Table 6) and sustainability indices (Table 7) have been synthesized from the literature. 241 
Take in Tables 6 and 7 242 
Tan et al. (2015:133) argue that whilst many indicator frameworks are available they are “either 243 
too complicated to be adopted by smaller companies or too high level for practical usage”. 244 
Veleva and Ellenbecker (2001:520) argue that: “while some issues are common for all 245 
companies, such as energy use, water use, charitable contributions, work-related injuries and 246 
illnesses, the differences between production facilities are enormous and a standardised set of 247 
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sustainability indicators may miss key impacts.” Moldan et al. (2012) suggest that determining 248 
baseline, reference values, or initial state indicators is important especially where organisations 249 
wish to show a direction of travel and also in the setting of specific targets to be achieved. They 250 
argue that the “benefit of specific, quantitative, time bound targets is then straightforward … 251 
indicators can be linked to them and interpreted clearly on a distance-to-target basis.” (Moldan 252 
et al. 2012:7)  253 
Böhringer and Jochem (2007) reviewed eleven Sustainability Development (SD) indices with regard 254 
to their consistency and meaningfulness: the Living Planet Index (LPI), Ecological Footprint (EF), City 255 
Development Index (CDI), Human Development Index (HDI), Environmental Sustainability Index 256 
(ESI), Environmental Performance Index (EPI), Environmental Vulnerability Index (EVI), Index of 257 
Sustainable Economic Welfare/Genuine Progress Index (ISEW/GPI), Well- Being Index (WI), Genuine 258 
Savings Index (GS), and Environ- mental Adjusted Domestic Product (EDP). They conclude that 259 
normalisation and weighting of indicators, generally a subjective judgment reveals “a high 260 
degree of arbitrariness without mentioning or systematically assessing critical assumptions”. 261 
Further they suggest that with regard to aggregation, scientific rules guaranteeing consistency 262 
and meaningfulness of composite indices are often not taken into account (Böhringer and 263 
Jochem, 2007:7). Joung et al. (2013) considered eleven indicator sets that can operate at the 264 
company/organisational level, the national/region level or the global level (Table 8).  265 
Take in Table 8 266 
Turi et al. (2014) suggest 10 TBL indicators of value at company/organisational level where 267 
they can operate equally as well at product level. Yakovleva (2007) and Yakoleva et al. (2010) 268 
identified 9 TBL indicators for the food supply chain spanning each dimension (economic, 269 
social and environmental) of sustainability. This was based on more than 50 initial indicators 270 
that were drawn up by Yakovleva and Flynn (2004) and were screened based on research 271 
reports, market reports and statistical data (Table 9). Yakoleva et al. (2010) identified three 272 
factors: the development objective, the measurement criteria and the sustainability indicator.  In 273 
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essence, when the indicators are chosen, and the outputs that they drive and/or their 274 
appropriateness for the operational or strategic goal identified, then policy makers or in this case 275 
individual business operators can utilise this approach to drive effective decision making 276 
improved business performance.   277 
Take in Table 9 278 
Performance measures/metrics must be implemented within a framework starting with a policy 279 
maker’s or organisation’s mission statement and associated policies as the start for developing 280 
appropriate measures with characteristics of inclusiveness, universality (allowing for 281 
comparison), measurability and consistency with organisation goals (Hervani et al. 2005; 282 
Acquaye et al. 2014). Environmental performance and economic performance leverage 283 
improves operational performance and in turn enhances organisational performance (Green et al. 284 
2012). Therefore effective approaches to drive improved economic, environmental and social 285 
performance must not be just formulaic but allow for an iterative approach to enable baseline 286 
data to be collected, intervention measures (i.e. system measures as defined by Tangen, 2005) to 287 
be determined and implemented and appropriate KPI developed, adopted and assessed to 288 
measure performance.  Tan et al. (2015) and others have sought to identify criteria for screening 289 
sustainability indicators for their value and determined that the indicators must be 290 
understandable, applicable and relevant. Veleva and Ellenbecker (2001) outlined that to 291 
construct an indicator a unit of measurement, a period of measurement, definition of the type of 292 
measurement, (absolute or adjusted in line with increases or decreases in production), and 293 
defined boundaries (e.g. it is of value at product level, facility, with suppliers, or the entire LCA 294 
of a material or product) are required. Further they argue such indicators must be appropriate, 295 
simple and meaningful; easy to apply and evaluate (verify); be of a manageable number, data 296 
driven, allow benchmarking processes to occur and form a combined set of both quantitative 297 
and qualitative headline category and sub-category measures. 298 
4. Development of a framework incorporating Sustainable Indicator Scoring (SIS) 299 
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A sustainability indicator framework can be used at both an operational or a strategic level to 300 
provide organisational, supply chain and overarching policy measures that define goals and 301 
objectives that are measureable i.e. quantitative. Yakovleva et al. (2010) suggested the 302 
possibilities of expanding the application of their framework. Consideration of this and other 303 
extant literature described in this paper has led to the development of a simplified conceptual 304 
framework using sustainability indicator scoring (SIS). There are a myriad of SIS systems using 305 
mathematical or statistical exercises, or weighting of parameters giving one indicator more 306 
significance than another that allow for comparison between entities (organisations, 307 
communities) and afford the ability to have comparable information (Taylor, 2012). Differences 308 
in weighting complexity include using statistical models, adopting participatory methods and 309 
assigning equal weights to the indicators (Kondyli, 2010 cited by Taylor 2012).  The definition 310 
of sustainability as highlighted by WCED (1987) takes into consideration the needs of future 311 
generations. Hence, it is apt that sustainability can be divided into two components: i) meeting 312 
current needs (current status); and (ii) ability to meet future needs (future status).  313 
The data used by Yakovleva et al. (2010) and Yakovleva (2007) had been rescaled and 314 
normalised to enable analysis and comparison of data between different stages in the food 315 
supply chain. As demonstrated in this paper, multiple sustainability indicators exist of varying 316 
complexity. The conceptual framework derived in this research further expands on the nine TBL 317 
indicators developed by Yakovleva et al. (2010). Table 10 has been modified from the literature 318 
synthesized in Table 9 to develop twelve TBL indicators with two scores being determined to 319 
reflect the baseline situation (Peano et al. 2015 would define this time-frame as T0) and the 320 
potential score that could be derived if appropriate actions are implemented at a point of time 321 
Peano et al. would define as T1. All the indicators are outcome based, measurable, of practical 322 
value, and data can be easily collected, cost-effective and sensitive.  323 
Current status (baseline) and future status is scored individually for each indicator on a scale of 324 
0 to 6, where ‘0’ = no available information, ‘1’ = Very low sustainability (VLS) i.e. the 325 
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indicator shows a need for urgent improvements; actions need to be taken and reassessed after 326 
improvement measures have been implemented to determine efficacy; ‘2’ = Low sustainability 327 
(LS)– the indicator shows a need for evaluation to determine areas for improvements and the 328 
prioritisation for action is high priority. Action needs to be taken and then they should be re-329 
assessed after improvements have been implemented to determine efficacy; ‘3’ = Fair 330 
sustainability (FS) the indicator shows improvements are required with medium priority. 331 
Action needs to be taken and then they should be re-assessed after improvements have been 332 
implemented to determine efficacy; ‘4’ = Average sustainability (AS) the indicator shows a 333 
need for evaluation to determine areas for improvements but this is of low priority. Action needs 334 
to be taken and then they should be re-assessed after improvements have been implemented to 335 
determine efficacy; ‘5’ = Good sustainability (GS) – the indicator shows this area is under 336 
control but continuous improvement can still be made to achieve excellent status ‘6’ = 337 
Excellent sustainability (ES) where an organisation can demonstrate sustainability goals are 338 
being achieved and documented plans and policies and an associated monitoring and 339 
verification system ensure there are formal systems in place to underpin maintaining this level 340 
of efficiency.  341 
Thus by scoring each of the twelve indicators individually and adding the scores together the 342 
overall current baseline status will be a score of between 0 and 72. The future status where each 343 
indicator can be scored will similarly range from 0-6 for each indicator and between 0 and 72 344 
overall depending on the objectives that are set for each indicator by the business. For example 345 
if a business scores ‘0’ at T0 for a given indicator and on the basis of the proposed action they 346 
predict they can achieve fair, average or even good sustainability status at T1 then the direction 347 
of travel can be determined. In order to determine a composite SIS score the following formula 348 
is used:  349 
  SIS combined score = Current status x Future status  350 
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Thus the SIS combined score for a given indicator will be between 0 and 36.  When the 351 
benchmarking assessments are completed for all indicators then, a total SIS score is calculated. 352 
The weighted format therefore provides an SIS scale that can range between 0 and 462 and the 353 
overall status for the organization or product can be characterised as follows:  354 
0: Indicates no available data; 355 
1-72 = Very low sustainability (VLS) i.e. the combined score shows a need for urgent 356 
improvements; actions need to be taken and reassessed after improvement measures have been 357 
implemented to determine efficacy;  358 
73-144 = Low sustainability (LS)– the score shows a need for evaluation to determine areas for 359 
improvements and the prioritisation for action is high priority. Action needs to be taken and then 360 
they should be re-assessed after improvements have been implemented to determine efficacy;  361 
145-216 = Fair sustainability (FS) the score shows improvements are required with medium 362 
priority Action needs to be taken and then they should be re-assessed after improvements have 363 
been implemented to determine efficacy;  364 
217-288 = Average sustainability (AS) the score shows a need for evaluation to determine 365 
areas for improvements but this is of low priority. Action needs to be taken and then they should 366 
be re-assessed after improvements have been implemented to determine efficacy;  367 
289-360 = Good sustainability (GS) – the score shows this area is under control but continuous 368 
improvement can still be made to achieve excellent status  369 
361-432 = Excellent sustainability (ES) where an organisation can demonstrate sustainability 370 
goals are being achieved and documented plans and policies and an associated monitoring and 371 
verification system ensure there are formal systems in place to underpin maintaining this level 372 
of efficiency.  373 
This approach assists organisations to benchmark their own business and the organisations they 374 
interact with in the wider supply chains. The indicators derived in this research are 375 
understandable, applicable and relevant for both small, medium sized and large organisations 376 
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and can be utilised by organisations operating in a number of locations to standard policies and 377 
protocols. In line with the criteria put forward by Veleva and Ellenbecker (2001) the twelve 378 
indicators are quantitative i.e there is a unit of measurement, a period of measurement i.e. 379 
measurement can be determined e.g. quarterly, six monthly or annually, there is definition of the 380 
type of measurement i.e. in some instances it is absolute and if needed for others they are 381 
adjusted in line with increases or decreases in production volumes, and assessment boundaries 382 
can be defined e.g. the process can be undertaken of SIS scoring by product, by facility,with 383 
suppliers, or the entire LCA of a material or product) are required.   384 
The SIS outlined is of value in providing simplified and meaningful metrics of the degree of 385 
sustainability of supply systems especially for an organisation that seeks to protect brand value 386 
when they operate over multiple countries with a plurality of cultures and expectations. 387 
Organisations face multiple challenges to brand value and corporate integrity that sit under the 388 
wider umbrella of sustainability as can be seen with examples such as Nestlé in 2015 with the 389 
Maggi noodles incident in India (Nestle, 2015a), labour and human rights (Nestle, 2015b), and 390 
Chipotle Mexican Grill Inc. with multiple food safety outbreaks in 2015 and a coincident 28% 391 
drop in share price (MarketWatch, 2015). Therefore a tool such as the one described in this 392 
paper is of value to organisations as a template to develop and adopt for supply chain risk 393 
assessment in order to mitigate brand risk and underpin brand protection. 394 
5. Conclusion 395 
Significant focus has been placed at national policy level, supply chain and individual business 396 
on developing, implementing and meeting sustainability goals such as improving food safety, 397 
people and animal welfare, and reducing environmental impact. Market influences have also 398 
embedded social requirements into quality assurance standards. The challenge for developing 399 
sustainability metrics is to seek to bolster organisational performance and this paper proposes 400 
the use of metrics that assess the levels of financial return, efficiency, flexibility, product safety 401 
and environmental impact. The development of metrics is a highly sophisticated approach and 402 
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needs to be given great consideration in order to ensure that the activity provides information 403 
that is of value and can underpin both strategic objectives and operational activity. 404 
Assurance of food security at a global, regional and local level requires the integrated 405 
engagement of supply chain actors at all stage of food production, distribution and information 406 
exchange. Therefore, a sustainable supply chain is one that has inbuilt longevity and thus action 407 
has been taken to limit vulnerability.  In order to drive a quantitative approach to driving 408 
improved sustainability performance an assessment of the architecture of performance analysis 409 
needs to be developed. Ultimately, strategic TBL sustainability goals need to be clearly 410 
formulated and these need to cascade into specific, relevant and timebound strategic and 411 
operational measures that underpin brand value and product integrity.    412 
  413 
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 Table 1: Factors that impact on the ability to undertake supply chain benchmarking 728 
(Manning et al. 2007) 729 
  730 
Hervani et al. (2005) Brewer and Speh (2001) 
Geographical and cultural differences; 
Differences in organisational 
philosophy and policy; 
Lack of technological integration;  
Non-standardised data or poor 
communication of measures; or 
Lack of understanding of the need for 
inter-organisational measures. 
Differing organisational goals and objectives; 
Overcoming mistrust and share data and information  
Measuring factors which are not under direct control and are 
managed by others; 
Inflexible information systems; 
Non-standardised performance measures; 
Difficulty in linking measures to stakeholder requirements and 
customer values; 
Lack of understanding; or 
Deciding where to begin.  
 731 
Table 2: Types of Benchmarking 732 
 733 
Benchmarking type Definition 
 
Source 
Competitive 
benchmarking 
(operational) 
 
Most common form of benchmarking. Process of comparing between 
competitors of a particular product or business function and could include 
product specification, distribution or sales service. This is very often in 
the form of a “league table” style approach. Advantage: Potential mutual 
benefit of sharing of information. Disadvantage: Confidentiality 
constraints may limit the free-flow of information and the outcomes of 
the exercise. 
Bendell et al. 
(1993) 
Functional 
benchmarking 
(operational) 
 
Comparison of similar functions within the same broad industry or sector, 
i.e. non-competitive organisations that carry out the same functional 
activities e.g. warehousing, administration or procurement. Advantage: 
Open comparison and mutual sharing of information so there are no 
issues with confidentiality. Disadvantage: Practices may need adapting 
to suit specific industries. 
Bendell et al. 
(1993) 
Generic 
benchmarking 
Comparison of business processes or functions that are similar regardless 
of the industry. Advantage: Can develop innovative ideas. 
Disadvantage: Practices identified may be novel and thus challenging to 
implement. 
Bendell et al. 
(1993) 
Ideas benchmarking Ideas benchmarking is about sharing information that in turn will drive 
continuous improvement in organisational processes. 
(Mayle et al. 
2002 cited by 
Northcott and 
Llewellyn, 
2005) 
Indicator 
benchmarking 
 
Indicator benchmarking requires organisations to compare performance 
against a range of measurable indicators. 
Internal 
benchmarking 
 
Process of comparing internal operations within the same organisation. 
Advantage: Easy to gain data. Disadvantage: Limited by organisation’s 
structure and does not necessarily define industry best practice. 
Bendell et al. 
(1993) 
Lag benchmarking Benchmarking using measures that are historic data and change cannot be 
instigated until the next crop or livestock cycle. 
Anderson and 
MacAdam 
(2004) Lead benchmarking 
(operational) 
Benchmarking using measures that will instigate change often within the 
crop or livestock cycle. 
 734 
 735 
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Table 3. Examples of sustainability indicators and desired outcomes pre farm gate (adapted from Defra, 2010) 736 
Indicator Desired outcome Comment 
Financial and physical capital indicators 
 
Gross value added (GVA) per person.  An agriculture sector focused on consumers’ needs 
through the market. 
Deteriorated since 1990 - 2007 ratio of UK GVA to EU14 stands at 1.32. 
Total liabilities as a percentage of total 
assets. 
A resilient agricultural sector that is able to withstand 
and/or recover quickly from sudden or acute shocks. 
Total liabilities have remained at a relatively low level. Been on a declining trend as increases in 
asset value (with the rise in land prices) had more than offset rise in liabilities. 
Total factor productivity (TFP) of the 
food chain beyond the farm gate. 
Efficient and productive business across the food chain. Since 1998 food chain productivity has fallen behind rest of economy. Between 1998 and 2006 
annual average growth rate in food chain was 0.11% compared to 0.43% in wider economy.   
Human capital indicators 
 
Innovative working practices. Investment in training.  
Development and uptake of knowledge and innovation. 
Skills and training pre-farm gate, food and drink manufacturing and processing. 
Natural capital indicators 
 
Water abstraction for agriculture. Water resources used efficiently. 
Environmental risks and pressures from abstraction 
reduced. 
Agricultural uses accounted for 0.5% of recorded water abstraction in England and Wales in 2006. 
Regionally varied between 0.1% in NW and Wales and 2.1% in Anglian region When all forms of 
irrigation are eventually licensed, the total volume will increase. 
River Water Quality: nitrate and 
phosphate levels in rivers. 
Negative effects of agriculture on river quality decreased. Agriculture accounts for around 61% of the nitrate in rivers and around 26% of phosphates. In 2007, 
32% of river lengths exceeded 30mg NO3 per litre fall from 34% in 2006. Since 2000, nitrate levels 
fallen from around 39% of river lengths exceeded 30mg NO3 per litre to 32% in 2007. 
Pesticides in water. Negative effects of agriculture on river quality decreased. In 2007, 6% of the indicator samples contained pesticide concentrations above 0.1µg/l. Reduction 
from 2006 and typical of levels seen over previous years. 
Soil Quality: soil organic matter. A healthy soil system utilised sustainably. Soil level has been shown in various studies to be deteriorating. 
Soil Erosion. Under development.  
Biodiversity – water environment. Under consideration.  
Status of farmland biodiversity action 
plan (BAP) priority species and 
habitats in England. 
Biodiversity of food producing systems maintained and 
enhanced. 
Of the 110 species in the indicator, the number that were assessed as either ‘stable’ or ‘increasing’ 
has risen from 52 to 59, a 13% increase overall.  In 2008, 37 species still declining, including 3 
species recorded as lost from the UK as a whole since the BAP was published in 1994. 
The population of farmland birds in 
England from 1970. 
Reverse the long term decline in farmland bird 
populations. 
In 2007 index for all farmland species stood at 49.  Farmland specialist – continued slow decline 
since 1970. Farmland generalist – little change since 1970. 
Changes in plant diversity in fields and 
hedges on agricultural land in England. 
To conserve and restore productive land by reversing the 
decline of plant diversity in fields and field margins. 
Arable and Horticultural land – some improvement since 1990. Other fields and field margins – 
little improvement since 1990. 
Change in effective population size for 
native breeds of sheep and cattle at 
greatest risk of loss of genetic diversity. 
Genetic diversity of animals used for food production 
sufficient to provide resilience. 
Clear improvement since 2001. 
Agricultures contribution to ammonia 
emissions from agriculture. 
Reduced ammonia emissions from agriculture. Since 1990 ammonia emissions from agriculture have fallen by 20% due, largely, to the contraction 
in the pig herd and a reduction in direct soil emissions. There was little change in the level of 
ammonia emissions between 2005 and 2006. 
Number and percentage of cattle tested 
for TB that are slaughtered. 
Incidence of bovine tuberculosis (TB) reduced. The number of cattle slaughtered in 2008 rose by nearly 12,000 to a figure of approximately 39,000. 
This is equivalent to a 42% increase on 2007 figures. 
Social capital indicators 
 
Trends in cases of illness due to food-
borne pathogens. 
Incidence of food borne disease in decline. 
Incidence of food contamination in decline. 
Estimated cases of Listeria have more than doubled between 2001 and 2007. Campylobacter most 
prevalent food-borne illness. Cases of Salmonella in 2007, 23% fewer than in 2000. Since 2000, 
Salmonella contamination of UK-produced retail chicken reduced by 50%. 
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Amount of British food covered by 
British assurance schemes  
An increasing amount of food can be traced to its source. The poultry and dairy sectors have highest proportion of assured production at 95%. Pig sector at 
92% in 2007.  
The demand for meat and meat 
products should not be at the expense 
of animal health and welfare. 
Animal welfare standards. Little or no change since 2005. 
 737 
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Table 4: Sustainability indicators and desired outcomes post farm gate and fishing (adapted from Defra, 2010) 739 
Indicator Desired outcome Comment 
Financial and physical capital indicators (None identified explicitly) 
 
Human capital indicators 
 
Innovative working practices. Investment in training. 
Development and uptake of knowledge and innovation. 
Skills and training pre-farm gate, food and drink manufacturing and processing. 
 Natural capital indicators  
 
Primary energy use in the UK food chain. A trend of continuing reduction in the energy use in the UK food 
chain measured in terms of million tonnes oil equivalent.  
A trend within declining total use, toward an increased proportion of 
use of renewable energy. 
Reduce greenhouse gas (GHG) emissions associated with food from 
UK households. 
Primary energy use in the UK food chain: no assessment, indicator under 
development. 
Energy use in domestic food sectors: food 
transport; food, drink and tobacco, 
manufacturing; agriculture. 
A trend of continuing reduction in the energy use in the domestic food 
chain measured in terms of tonnes oil equivalent.  
A trend within declining total use, toward an increased proportion of 
use of renewable energy. 
Indicator provisional and under development. 
Water usage post farm gate. Increased efficiency of direct water use in food processing. Under development some data available. 
Waste reduction across the food chain. Food and drink manufacturing waste. Insufficient data at present but indicators could be: 
Waste generated per household per week. 
Consumer attitudes to household waste. 
UK urban food transport (proxy for urban 
road congestion). 
HGV transport of food for UK consumption 
(proxy for infrastructure costs). 
Reduced external impacts of food transport. Overall indicator for urban food transport is up by 7% in 2006, and is now 31% 
higher than in 1992. Increase in urban food transport since 2004 due to more 
frequent and longer shopping trips by car. HGV food kilometres declined by 3% in 
2006. Overseas HGV food kilometres cover 40% of all HGV kilometres. 
Percentage of UK fish stocks harvested 
sustainably and at full reproductive capacity, 
1990 to 2007. 
Wild fish stocks are managed and harvested in a sustainable way. During 1990s percentage of UK fish stocks considered to be harvested sustainably 
and at full reproductive capacity was around 10%; it was 5% in 2000, but has 
increased to 25% in 2007. Despite these increases, between 70 to 75% of UK fish 
stocks have either reduced reproductive capacity or have been fished unsustainably 
each year since 2001. 
Proportion of large fish by weight in the 
northern North Sea 
Wild fish stocks are managed and harvested in a sustainable way. Little or no change since 1990. 
Increasing food production sustainably: fish 
imports. 
Under development.  
Increasing food production sustainably: 
sustainable fish consumption. 
Under development.  
Increasing food production sustainably: 
global fish stock. 
Under development  
Social capital indicators 
 
Level of cattle trade restrictions against the 
UK on animal health grounds. 
UK animal health is of a high standard and the UK enjoys good export 
relations to other countries. 
In 1995 UK beef and live cattle exports £720 million in 2006 after BSE restrictions 
and then lifting of ban £104 million. 
Consumers have access to an affordable, 
health and varied diet. 
Accessibility and affordability: Relative price of fruit and vegetables. Clear improvement since 1990 ( other indicators include low income households’ 
share of spending on food, food prices in real terms, household access to food 
stores, purchasing behaviour in at risk groups (under development). 
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Consumer understanding and demand for 
sustainable food. 
Engaged and informed consumers. Under development in 2010. 
Eating a healthy sustainable diet will create a 
healthier society.  
Diet related ill health: obesity. Deterioration since 1995. 
Food safety is key to public confidence in the 
food system. 
Consumer confidence in food safety measures Clear improvement since March 2001. 
Assurance schemes give consumers 
confidence in safety and provenance of food. 
Traceability of food through assurance schemes. Clear improvement since 2003. 
 740 
  741 
Page 30 of 37British Food Journal
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Review Only
 31
Table 5: The use of sustainability measures in assessment activity (Taylor, 2012) 742 
 743 
Sustainability measures Source 
• Natural capital.  
• Efficiency levels of built capital. 
• Structure (education, health, demographics, etc.) of human capital. 
• Human relationships for social capital. 
• Well-being.  
Meadows (1998) 
• Ecological Footprint (EF): Calculates demands put on nature by humans (sources and sinks). Maintained by the global footprint network. 
• Surplus Biocapacity (SB): Shows the difference between a nation’s ecological capacity and their ecological footprint. 
• Environmental Sustainability Index (ESI): Measures environmental, socio-economic, and institutional indicators... to assess sustainability.   
• Well-being Index (WI): Combines human well-being and ecosystem well-being as a composite to assess sustainability. 
• UN Human Development Index (HDI): Measuring three basic dimensions of human development: a long and healthy life, knowledge, and a 
decent standard of living (UNDP, 2004) used as a proxy of sustainability.   
• GDP: economic growth. 
Wilson et al. (2007) 
 
• State of the Nation’s Ecosystem Report (the Heinz Report). 
• Ecological Indicators for the Nation Report (NRC Report).  
• Environmental Sustainability Index (ESI). 
Niemeijer (2002) 
 744 
  745 
Page 31 of 37 British Food Journal
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Review Only
 32
Table 6. Examples of Sustainability Frameworks  746 
Examples of Sustainability Frameworks Source 
 
Triple Bottom Line (TBL) Sustainability Frameworks 
 
TBL framework that represents social, environmental and economic pillars of sustainability Dong et al. (2015); Elkington (1998) 
Global Reporting Initiative (GRI) – TBL framework – 84 indicators across 3 pillars. Dong et al. (2015) Das and Das (2014); Labuschagne et al. 
(2005) 
Pressure State Response (PSR) framework – evolved to the Driver-Pressure-State-Response (DPSIR) model that considers how people influence their surrounding 
environment and then how it reacts i.e. the impact of actions on the environment.  
Singh et al. (2009) 
UN Commission for Sustainable Development’s Theme indicator Framework – TBL framework plus institutional elements - 38 sub-themes.  Dong et al. (2015); Labuschagne et al. (2005)   
Sustainability Assessment of farming and the Environment (SAFE) framework Van Cauwenbergh et al. (2007) 
Institute of Chemical Engineers Sustainability Metrics – TBL framework Labuschagne et al. (2005) 
Wuppertal Sustainability Indicators (WSI) - TBL framework plus institutional elements.  Labuschagne et al. (2005)   
Sustainable Agri-Food Evaluation Methodology” (SAEMETH)  - 52 indicators Peano et al. (2015) 
 
Qualitative Evaluation of  composite TBL indicators 
 
Barometer of Sustainability – combined evaluation of environmental and social aspects of sustainability. Dong et al. (2015); Singh et al. (2009); Prescott-Allen (1995); 
IUCN-IDRC (1995) 
Eco-Efficiency Framework assists businesses to assess their sustainable development using combined economic and environmental indicators Dong et al. (2015); WBSCD (1999) 
Ecological Footprint – area of land needed to produce enough food, water, energy, as well as to dispose of waste for a person, a product or a city – 6 indicators Dong et al. (2015); Moldan et al. (2012); Singh et al. (2009); 
Böhringer and Jochem (2007); Wackernagel and Rees (1996) 
  
 Single-issue Sustainability Frameworks 
 
Lowell Centre for Sustainable Production Framework system of environmental sustainability indicators specifically designed for the production process. Five 
levels: facility compliance/conformance indicators, facility material use and performance indicators, facility effect indicators, supply chain and product life-cycle 
indicators, and sustainable system indicators  
Dong et al. (2015) 
 
Independent Frameworks 
 
Competing Values Framework, and the Approach, Deployment, Results, and Improvement (ADRI) assessment matrix.  Dong et al. (2015) 
     747 
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Table 7. Examples of Sustainability Indices  749 
Examples of Sustainability Indices 
 
Source 
Business Climate Indicator (BCI) – 5 indicators Singh et al. (2009); European Commission (2000) 
City Development Index (CDI) – 11 indicators Singh et al. (2009); Böhringer and Jochem (2007) 
Compass Index of Sustainability (CIS) – 4 categories of indicators Singh et al. (2009); Atkinson et al. (1997) 
Composite Sustainable Development Index (CSDI) – 38 indicators Singh et al. (2009); Krajnc and Glavic (2005); 
Composite Sustainability Performance Index (CSPI) – 59 indicators Singh et al. (2009); Singh et al. (2007) 
Dashboard of Sustainability (DoS) Singh et al. (2009) 
Dow Jones Sustainability Group Indices (DJSGI) – based on five elements: technology, governance, shareholders, industry, society Singh et al. (2009); Dow Jones/SAM (2007) 
Eco-efficiency indices (EEI) Singh et al. (2009); WBCSD (1999) 
Economic Aspects of Welfare (EAW) Singh et al. (2009): Brekke (1997): Zolatas (1981) 
Ecosystem Wellbeing Index (EWI) Dong et al. (2015) 
Environmental Adjusted Domestic Product (EDP) Böhringer and Jochem (2007) 
Environmental Performance Index (EPIa) – 6 headline indicators with sub-indicators Dong et al. (2015); Hsu et al. (2013); Singh et al. (2009); Böhringer and Jochem 
(2007); Esty et al. (2006); WEF (2002) 
Environmental Pressure Indicators (EPIb) Singh et al. (2009); EU (1999) 
Environmental Quality Index (EQI) – based on multi-attribute utility theory Singh et al. (2009); Saaty (1980) 
Environmental Sustainability Index (ESI) – 68 indicators Dong et al. (2015); Singh et al. (2009); Böhringer and Jochem (2007) WEF 
(2002) 
Environmental Vulnerability Index (EVI) – 50 indicators Dahl (2012); Singh et al. (2009); Böhringer and Jochem (2007); SOPAC (2005) 
European Labour Market Performance (ELMP) – 3 indicators: unemployment rate, long-term unemployment rate and youth unemployment rate Singh et al. (2009); Storrie and Bjurek (1999) 
FTSE Good Index Singh et al. (2009) 
Ford Product Sustainability Index (Ford PSI) – 8 indicators Singh et al. (2009) 
Gender Empowerment Measure (GEM) Singh et al. (2009); UNDP (1996) 
General Indicator of Science and Technology (GIST) – 13 indicators Singh et al. (2009); NISTEP (1995) 
Genuine Progress Indicator (GPI) Singh et al. (2009); Böhringer and Jochem (2007); Cobb et al. (1995) 
Genuine Savings Index (GSI) – 3 capitals – 5 indicators Singh et al. (2009); Böhringer and Jochem (2007) 
G Score – 5 categories Singh et al. (2009); Jung et al. (2001) 
Human Development Index (HDI) – three elements include quality of industrial relations and labor conditions, education (input and maintenance of 
human capital) and income level and distribution. 
Dong et al. (2015); Moldan et al. (2012); Singh et al. (2009); Böhringer and 
Jochem (2007); Labuschagne et al. (2005); UN (1990) 
Index of Environmental Friendliness –(IEF) - 11 indicators Singh et al. (2009); Puolamaa et al. (1996) 
Index of Sustainable Economic Welfare (ISEW) – main focus to measure the portion of economic activity that delivers welfare to people as a 
replacement for gross domestic product (GDP) – 20 sub-indicators 
Dong et al. (2015); Singh et al. (2009); Böhringer and Jochem (2007); Daly and 
Cobb (1989) 
Index of Sustainable Society (ISS) – 5 categories; 22 indicators Singh et al. (2009) 
Internal Market Index (IMI) – 19 indicators Singh et al. (2009); EC (2001b) 
ITT Flygt Sustainability Index – 40 indicators Singh et al. (2009); Pohl (2006) 
Life Cycle Index  (LCI)– 4 categories; 21 indicators Singh et al. (2006) 
Living Planet Index (LPI) – 2000 populations of more than 11,000 species – 1100 variables Dong et al. (2015);  Böhringer and Jochem (2007); Singh et al. (2009);  
Material Input per Service Unit (MIPS) Singh et al. (2009); Schmidt-Bleek (1994) 
Measure of Economic Welfare (MEW) Singh et al. (2009); Nordhaus and Tobin (1973) 
Physical Quality of Life Index (PQLI) Dong et al. (2015); Singh et al. (2009); Ram (1982): Morris (1979) 
Summary Innovation Index (SII) – 17 indicators Singh et al. (2009); Economic Commission (2001a) 
Sustainable Asset Management (SAM) – 225 indicators Singh et al. (2009) 
Sustainable Cities Index – 13 indicators Sing et al. (2009) 
Sustainability Performance Index (SPIa) – 5 indicators Singh et al. (2009); Narodoslawsky and Krotscheck (2004); Lundin (2003) 
Sustainable Process Index (SPIb) Dong et al. (2015); Singh et al. (2009);   
Technology Achievement Index (TAI) – 8 indicators Sing et al. (2009); UNDP (2001) 
Total Material Requirement (TMR) Singh et al. (2009); EEA (2001) 
 Wellbeing Index (WBI) – 87 indicators Singh et al. (2009); Böhringer and Jochem (2007)  
  750 
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Table 8. Sustainability indicator sets and the levels at which they operate (Adapted from Joung et al. 2013) 751 
 Company/ 
Organisational 
level 
National/ 
region 
level 
Global 
level 
  Source 
Japan National Institute of Science and Technology (NISTEP) X    JSTA (1995) 
Dow Jones Sustainability Indexes (DJSI) X    SAM Index (2007) 
Global Report Initiative (GRI)  X    GRI (2006); Staniskis and Arbaciauskas (2009) 
Environment Performance Evaluation (EPE) standard (ISO 13031)    ISO (1999) 
Ford Product Sustainability Index (Ford PSI) X    Schmidt and Taylor (2006) 
2005 Environmental Sustainability Indicators (ESI)  X   ESI (2005) 
Environmental Performance Index (EPIa)  X   EPfI (2010) 
Environmental Pressure Indicators (EPIb)  X  X  EPrI (1999) 
United Nations- Indicators of Sustainable Development (UN-CSD)  X  UN-CSD (2007) 
Organisation for Economic Cooperation and Development (OCED) Core 
Environmental Indicators (CEI) 
 X  OECD CEI (2003) 
European Environmental Agency Core Set of Indicators (EEA-CSI)  X   EEA-CSI (2005) 
 752 
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Table 9: TBL supply chain sustainability indicators that operate at the product and organisational level (Adapted from Tan et al. (2015); 754 
Turi et al. (2014); Yakovleva et al. (2010); Veleva and Ellenbecker (2001)) 755 
 756 
Sustainability 
development 
objective 
Measurement 
criteria 
Sustainability indicator 
Yakovleva et al. (2010) 
Veleva and Ellenbecker (2001) Sustainability indicator 
(Turi et al. (2014) 
Tan et al. (2015) 
 
Economic dimension 
 
Promotion of 
economic growth 
Productivity Indicator 1: Gross value 
added per workforce ($) 
 Number of improvement 
suggestions submitted by 
employees 
Material costs ($) 
Energy costs ($) 
Costs saved ($) 
Operational and capital costs (%) 
 
Financial 
viability 
Profitability Indicator 2: Profitability ($) Costs associated with non-compliance ($)  Net profit margin ($) 
Environmental fines and penalties ($) 
Innovation and R/D investments ($) 
Worthwhileness Return on capital Indicator 3: Return on capital 
employed (ROCE %) 
  Return on investment ($) 
Human capital Employee 
engagement  
 Rate of employees’ suggested improvements in 
quality, social and EHS performance. 
 Employee environmental suggestions (Number) 
 
Social dimension 
 
Creation of 
productive 
employment 
Free association 
of labour 
Indicator 4: Freedom of 
employment (%) 
   
Community/ 
stakeholder 
engagement  
 Number of community-company partnerships Management levels with specific 
environmental responsibilities 
Sustainability reports (number) 
Environmentally certified service providers (%) 
Sustainability initiatives (number) 
Achieved objectives (%) 
Quality of 
employment 
Indicator 5: Average wages 
per person ($) 
Number of Employees per unit of product or per 
$ sold. 
Lost workday injury and illness case rate. 
Turnover rate or average length of service of 
employees (years). 
Average hours of employee training per year. 
Number of Employees trained/to be 
trained 
 
 
Labour costs ($) 
Lost workdays (days) 
Employee attrition (turnover) rate 
Personal protective and safety equipment provision (%) 
Line stops due to safety concerns (%) 
Labour productivity ($) 
Average hours of sustainability training (hours) 
Employees trained in sustainability (%) 
Product/service 
safety and 
integrity 
Risk associated 
with use or 
consumption of 
product 
Indicator 6: Product/service 
failure rate (%) 
Rate of defective products (%) 
Rate of customer complaints and returns 
(Number per product sold) 
Percentage of products designed for disassembly, 
reuse, recycling. 
Percentage of biodegradable packaging 
Perfect order delivery (percentage)  
Product life remaining (percentage)  
Number of “green” products 
Rate of defective products (%) 
Customer complaints (number) 
 
Environmental dimension 
 
Reduction in 
resource use 
Material 
consumption 
 Material used (total (kg) and kg per unit of 
product) 
 Packaging materials reused (kg/unit) 
Materials saved from implemented initiatives (kg/kg) 
Energy 
consumption 
Indicator 7: Energy 
consumption per unit of 
output (Energy unit/tonne) 
Energy used (total (kWh) and kWh per unit of 
product) 
Energy from renewables (%) 
Tons of CO2 equivalent 
Energy use per unit of production  
CO2 emissions per unit of 
production 
Transport costs per unit of 
Total energy used (kWh) and (kWh/unit) 
Energy saved from implementation initiatives (kWh/kWh) 
Energy generated from byproducts (kWh) 
Energy efficiency (kWh/product sold $) 
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production Greenhouse gas emissions (kgCO2e) 
Vehicle fuel saved (l saved/l used) 
Water 
consumption 
Indicator 8: Water 
consumption per unit of 
output (m3/tonne) 
Fresh water consumption (l)  Water used (m3//unit) 
Water reused (m3) 
Protection of 
natural 
environment 
Waste production Indicator 9: Waste 
production per unit of output 
(%) 
Waste generated before recycling (emissions, 
solid and liquid waste) 
Reverse logistics (reduce, reuse, 
recycle) 
Volume of waste water discharged (m3) 
Solid waste produced (kg) 
Reused/recycled materials used in products (kg/unit) 
Packaging materials discarded (kg/unit) 
 757 
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Table 10. Sustainability Indicator Scoring (SIS) Matrix (modified from Yakovleva et al. 2010) 759 
Sustainability indicator Current status (baseline)  Future status (goal) Combined score 
(current score x future 
score) 
Rationale for decision 
Qualitative assessment  No 
data 
Very 
poor 
Poor Fair Average Good Excellent  No 
data 
Very 
poor 
Poor Fair Average Good Excellent   
Sustainability score  0 1 2 3 4 5 6  0 1 2 3 4 5 6   
Economic                                
Indicator 1: Gross value 
added per workforce ($) 
                  
Indicator 2: Profitability ($)                   
Indicator 3: Return on capital 
employed (ROCE %) 
                  
Indicator 4: Employee 
engagement (number of 
initiatives) 
                  
Social                   
Indicator 5: Community/ 
stakeholder engagement 
(number of initiatives) 
                  
Indicator 6: Freedom of 
employment (%) 
                  
Indicator 7: Average wages 
per person ($) 
                  
Indicator 8: Product/service 
failure rate (%) 
                  
Environmental                   
Indicator 9; Material 
consumption per unit of 
output (tonne/tonne) 
                  
Indicator 10: Energy 
consumption per unit of 
output (Energy unit/tonne) 
                  
Indicator 11: Water 
consumption per unit of 
output (m3/tonne) 
                  
Indicator 12: Waste 
production per unit of output 
(%) 
                  
Total                   
Ranking criteria 760 
0: Indicates no available data; 761 
1-72 = Very low sustainability (VLS) i.e. the combined score shows a need for urgent improvements; actions need to be taken and reassessed after improvement measures 762 
have been implemented to determine efficacy;  763 
73-144 = Low sustainability (LS)– the score shows a need for evaluation to determine areas for improvements and the prioritisation for action is high priority. Action needs 764 
to be taken and then they should be re-assessed after improvements have been implemented to determine efficacy;  765 
145-216 = Fair sustainability (FS) the score shows improvements are required with medium priority Action needs to be taken and then they should be re-assessed after 766 
improvements have been implemented to determine efficacy;  767 
217-288 = Average sustainability (AS) the score shows a need for evaluation to determine areas for improvements but this is of low priority. Action needs to be taken and 768 
then they should be re-assessed after improvements have been implemented to determine efficacy;  769 
289-360 = Good sustainability (GS) – the score shows this area is under control but continuous improvement can still be made to achieve excellent status  770 
361-432 = Excellent sustainability (ES) where an organisation can demonstrate sustainability goals are being achieved and documented plans and policies and an associated 771 
monitoring and verification system ensure there are formal systems in place to underpin maintaining this level of efficiency.   772 
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